We investigated the effects of herb extracts, Rhus verniciflua, Agrimonia pilosa, Sophora japonica, and Paeonia suffruticosa, on the lowering of blood glucose levels and thiobarbituric acid reactive substances (TBARS) in streptozotocin (STZ)-induced diabetic rats. After 4 weeks, oral administration of Rhus verniciflua extract (50 mg/kg) exhibited a significant decrease in blood glucose levels in diabetic rats (P < 0:05). Blood TBARS concentrations, the products of glucose oxidation in blood, were also lowered by Rhus verniciflua extract supplementation. In addition, Sophora japonica and Paeonia suffruticosa extracts significantly reduced TBARS levels versus diabetic controls. Serum concentrations of liver-function marker enzymes, GOT and GPT, were also restored by Rhus verniciflua (50 mg/kg) supplementation in diabetic rats.
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Key words: herb extracts; Rhus verniciflua; blood glucose; thiobarbituric acid reactive substances; diabetic rats Diabetes is associated with the generation of reactive oxygen species (ROS) and oxidative damage to various tissues. 1, 2) Although the mechanisms underlying the development of complications in diabetes remain unclear, much attention has been focused on the role of oxidative stress in this disease.
3) In our ongoing search for a therapeutic approach to the treatment of diabetes, we screened 24 extracts from traditional medicinal herbs for antioxidant and cell-protective effects. During the course of this investigation, 80% ethanol extracts of Rhus verniciflua, Agrimonia pilosa, Sophora japonica, and Paeonia suffruticosa exhibited high antioxidant activities and cell-protective effects. Rhus verniciflua, Agrimonia pilosa, Sophora japonica, and Paeonia suffruticosa have traditionally been used as medicines for the treatment of inflammation-related diseases, and recent studies have reported that their extracts possess antioxidant, anti-inflammatory, and anti-tumor effects. [4] [5] [6] [7] [8] These herbs contain large numbers of active compounds, such as phenolic acids, flavonoids, and triterpenoid saponins, which have known ROS scavenging effects. 5, 6, 9) Streptozotocin (STZ) produces oxygen radicals in the body by causing pancreatic injury, and this then causes blood sugar increases. Therefore, in the present study, we investigated the effects of 80% ethanolic extract of selected herbs on blood glucose levels and on lipid peroxidation in normal and streptozotocin-induced diabetic rats.
Streptozotocin (STZ) was purchased from Sigma (St. Louis, MO, USA) and thiobarbituric acid (TBA) was from E-Merck (Darmstadt, Germany). All other chemicals used were of analytical grade. Rhus verniciflua (bark), Agrimonia pilosa (leaves and stems), Sophora japonica (flowers), and Paeonia suffruticosa (roots and bark) were purchased from Omniherb (Yeongcheon, Korea). Dried medicinal herbs were ground in a mill and passed through a 50-mesh sieve. One hundred grams of powdered medicinal plants was extracted twice by sonication for 30 min in 80% ethanol (1000 ml) and then filtered. Filtrates were concentrated in a vacuum evaporator and then freeze-dried.
Male Sprague-Dawley rats (200 AE 10 g) were housed in plastic cages under controlled conditions (12 h light/ 12 h dark cycle, 50% humidity, at 22 AE 1 C). Animals were allowed free access to drinking water and a normal diet during the experiment. Rats were acclimatized for 7 d and randomly allotted to 12 groups. All animal experiments were performed in accordance with the NIH guidelines, and consent was given by the Ethical Committee of Kyunghee University. Body weights were recorded at 2-d intervals. In the normal groups, rats were allotted to five subgroups: normal rat (N) and normal rat fed with Rhus verniciflua (N þ R, 100 mg/kg bw), Agrimonia pilosa (N þ A, 100 mg/kg bw), Sophora japonica (N þ S, 100 mg/kg bw), and Paeonia suffruticosa extracts (N þ P, 100 mg/kg bw). Diabetic animals were allocated to diabetic control (D) and medicinal herb extract-fed diabetic groups. Herb extract-fed diabetic animals were allotted to
, and D þ P (Paeonia suffruticosa) groups according to the amounts (50 or 100 mg/kg bw) of extract given. A green tea-fed group (green tea has been reported to have an anti-diabetic effect) [10] [11] [12] was used as a reference group. Diabetes was induced with a single 45 mg/kg streptozotocin (i.v., 0.1 M fresh cold citrate buffer, pH 4.3). Venous blood was collected from the tail. Blood glucose concentrations were measured using a glucometer kit (Accu-Check Active, Roche Diagnostic GmbH, Mannheim, Germany). Lipid peroxide (thiobarbituric acid reactive substance, TBARS production) levels in bloods were determined as previously described. 13) Blood GOT and GPT were determined by a standardized method adapted to autoanalyzer (DRI CHEM 3500, FUJI PHOTO FILM, Tokyo) using reactive strips. All experimental data were examined by analysis of variance (ANOVA), and significant differences among the means of the groups were accepted at the P < 0:05 level. Further statistical analyses were performed using Duncan's multiple range tests. Statistical analysis was performed using SAS software (SAS Institute, Cary, NC). To compare initial and final blood glucose levels, we used Student's t-test for paired data.
Increased food consumption and decreased body weight observed in diabetic rats in comparison to normal rats indicates a polyphagic condition and weight loss due to excessive breakdown of tissue proteins. 14) Rhus verniciflua and Paeonia suffruticosa supplementation significantly lowered the food intake (P < 0:05) of the streptozotocin-induced diabetic rats as compared with the diabetic positive control ( Table 1) . As shown in Table 1 , significant differences were observed between the body weight gains of normal and diabetic animals. Unlike normal animals, diabetic animals lost weight over the 4-week experiment period, but the weight losses shown by Rhus verciflua-and Paeonia suffruticosa-fed diabetic animals were less severe than those shown by the diabetic controls. No significant differences in blood glucose levels were observed in normal animals after 4 weeks of extract supplementation. The results for most of the medicinal plant extractfed diabetic animals as to the lowering of blood glucose showed no significant difference as compared to the diabetic control group. Rhus verciflua extract (50 mg/ kg) effectively suppressed the increase in blood glucose level during treatment. The effect of green tea in lowering glucose levels in diabetic animals was not found to be dose-dependent, contrary to the results of a previous study. [10] [11] [12] Since blood glucose is susceptible to oxidation, hyperglycemia causes excessive ROS production, which in turn leads to high TBARS levels in tissues. 15, 16) TBARS levels in all diabetic groups were higher than in normal groups (Table 2) . Rhus verciflua, Sophora japonica, and paeonia suffruticosa extract fed diabetic rats showed lower levels of TBARS in the blood than control diabetic rats, which showed higher TBARS levels than non-diabetic controls 4 weeks after streptozotocin injection. Abnormal levels in the plasma of GOT and GPT is of clinical and toxicological importance, being indicative of tissue damage by toxicants or disease conditions. 17) Experimental diabetes induced by streptozotocin in rats causes tissue damage in the pancreas, liver, kidneys, and heart, which is reflected in the increment of GOT and various hepatic enzymes, such as GPT. [17] [18] [19] The activities of liver function markers, such as serum GOT and GPT, were significantly elevated in streptozotocin-induced diabetic groups as compared with the normal groups ( Table 2) . GOT and GPT were also improved by Rhus verciflua (50 mg/kg) supplementation as compared with the diabetic control group.
In diabetic animals, Rhus verciflua extract reduced hypoglycemic activity and TBARS levels in the blood of diabetic animals. This is the first report on the hypoglycemic action of ethanol extract of Rhus verciflua in an animal model of diabetes, but the lowering effect of Rhus verciflua on blood glucose in diabetic rats was not dose-dependent. Rhus verciflua is used as a food supplement and traditional herbal medicine, but it can cause an allergic reactions in humans and animals. Although we did not investigate side effects in our animal experiments, Rhus verciflua (100 mg/kg) supplementation slightly increased GOT levels in the normal group. Our approach assumed that Rhus verciflua supplementation must be in adequate concentration to lower blood glucose in diabetes. On the other hand, Sophora japonica and paeonia suffruticosa extracts did not significantly reduce blood glucose levels in diabetic rats, but did reduce blood TBARS levels, indicating that these extracts inhibit lipid peroxidation by ROS.
20)
Sophora japonica and paeonia suffruticosa extracts contain flavonoids, benzoyloxypaeoniflorin, paeonol, and oxypaeoniflorin, which are known to show a biologic action. 6, 21) The present study indicates the efficacy of Rhus verciflua extract as a therapeutic agent in acute hypoglycemic conditions. Further studies are needed to unravel the antidiabetic mechanisms of Rhus verciflua extract. In addition, Sophora japonica and paeonia suffruticosa extracts were found in vivo to scavenge free radicals, which are known to cause complications in diabetes. 
